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Introduction {#j_raon-2018-0009_s_001}
============

Locally advanced non-small cell lung cancer (LA-NSCLC) patients represent one third of all patients with NSCLC.[@j_raon-2018-0009_ref_001] Approximately 70% of NSCLC patients in stage III have inoperable disease. Standard treatment for these patients is concurrent chemoradiotherapy (CCRT).[@j_raon-2018-0009_ref_002] Five-year overall survival rates of these subgroups are ranging between 15 and 25%. Some centres have reported encouraging five-year survival results of 30% with trimodality treatment including surgery in selected patients.[@j_raon-2018-0009_ref_003],[@j_raon-2018-0009_ref_004]

Even by escalation of radiation dose and integration of molecular targeted agents the prognosis of these patients remains poor.[@j_raon-2018-0009_ref_005] It seems that the plateau has been reached in the treatment of patients with LA-NSCLC with different schedules of radiotherapy (RT) and chemotherapy (ChT), therefore new strategies to improve survival outcomes of these patients are desperately needed.

The programmed cell death 1 (PD-1)/programmed cell death ligand 1 (PD-L1) checkpoint inhibitors demonstrated impressive activity for the treatment of metastatic NSCLC.[@j_raon-2018-0009_ref_006],[@j_raon-2018-0009_ref_007],[@j_raon-2018-0009_ref_008] Several clinical trials evaluating immunotherapy and RT for NSCLC have focused on patients with metastatic disease and this combination showed the synergistic therapeutic effect.[@j_raon-2018-0009_ref_009] Recently, for the first time in LA-NSCLC, adjuvant treatment with anti PD-L1 immunotherapy after standard treatment with CCRT showed clinically significant improvement in progression-free survival. Consolidation treatment with durvalumab did not require PD-L1 testing in this study.[@j_raon-2018-0009_ref_010]

It is unclear whether PD-L1 testing is necessary in this patients setting. However, based on several trials in metastatic patients who responded better to immunotherapy, if the expression of PD-L1 was higher, it seems reasonable to collect as many information on expression of PD-L1 as possible.

In light of this new therapeutic options we report here almost 10-year overall survival rate of a prospective phase II study in LA-NSCLC treated with induction ChT and CCRT, in whom additional PD-L1 testing was performed. We discuss the perspectives of new treatment strategies by adding immunotherapy to the standard treatment.

Patients and methods {#j_raon-2018-0009_s_002}
====================

Patients with inoperable stage III LA-NSCLC treated with combined induction ChT and CCRT were included in this analysis. All patients were without relevant contraindications and treated with curative intent.

All patients were treated with three cycles of induction ChT followed by RT concurrent with two cycles of ChT. For induction ChT we compared two different dosages and time of application for gemcitabine: the standard i.v. dose in half hour and one fifth of the standard dose in prolonged 6-hours i.v. infusion on days 1 and 8. To all patients cisplatin on day 2 was administered. All patients continued treatment within 8 days after the last cycle of ChT with RT concurrent with cisplatin and etoposide on days 1--5 and 29--33.[@j_raon-2018-0009_ref_011] RT was administered with a linear accelerator photon beam of 5--10 MV in 2 Gy fractions to a total dose of 60--66 Gy. Three-dimensional CT-based conformal radiation therapy was used for planning for all patients and no elective nodal volumes were included. Dosimetric parameters were generated from the dose-volume histogram (DVH).

Toxicities were assessed according to Common Terminology Criteria for Adverse Events (CTCAE) version 3.0.[@j_raon-2018-0009_ref_012] The responses were evaluated according to Response Evaluation Criteria in Solid Tumour (RECIST) criteria version 1.0.[@j_raon-2018-0009_ref_013] After completion of the treatment, all patients were closely followed-up.

Retrospectively, PD-L1 testing was performed from archived tumour tissue samples, collected before any tumour directed treatment. Staining threshold on either tumour cells or tumour infiltrating immune cells for PD-L1 positivity was set at 5% or higher. Ventana monoclonal antibody and an automated staining platform was used as described in our previous report.[@j_raon-2018-0009_ref_014]

All patients were fully informed and signed the informed consent to participate in the trial. The protocol was approved by the Institutional Review Board (Institute of Oncology, Ljubljana) and by the National Committee for Medical Ethics, Ministry of Health, Republic of Slovenia.

Statistical analysis {#j_raon-2018-0009_s_002_s_001}
--------------------

The primary endpoints of this retrospective analysis were 10-year overall survival (OS) and OS with respect to PD-L1 expression. Secondary endpoints were progression-free survival (PFS) and long term update of safety profile.

OS was calculated as the time from the start of the treatment to death from any cause. PFS was defined as the time from the beginning of treatment to disease progression or death. Censoring was defined as the time from the beginning of treatment to the last contact with the patient and for alive patients, as the time from the beginning of treatment to the end of follow-up (October 2017).

OS and PFS curves were estimated by using Kaplan-Meier method and log-rank test. Chi-square test was used to compare distribution of discrete variable values between the two arms. Mann-Whitney U test was used to compare continuous variables. Z-test for the equality between two proportions was used to evaluate the difference between proportions of patients between arms. A p-value less than 0.05 was considered statistically significant.

Results {#j_raon-2018-0009_s_004}
=======

Patient characteristics {#j_raon-2018-0009_s_004_s_001}
-----------------------

A total of 102 patients treated between September 2005 and November 2010 were included in this analysis. Patients at median age of 57 were mostly men (78.4%). More than half of patients (56.4%) had tumours in stage IIIA and squamous histology (57.8%). Detailed patient demographics according to PD-L1 expression are listed in [Table 1](#j_raon-2018-0009_tab_001){ref-type="table"}.

###### 

Patients characteristics according to PD-L1 expression

                        PD-L1 negative or unknown (N = 95)   PD-L1 expression (N = 7)   Total (N = 102)
  --------------------- ------------------------------------ -------------------------- -----------------
  Gender                                                                                
   Male                 74                                   6                          80
   Female               21                                   1                          22
  Age                                                                                   
   Median               57                                   59                         57
   Range                30--77                               54--64                     30--77
  ECOG PS                                                                               
   0                    82                                   7                          89
   1                    13                                   0                          13
  Histology                                                                             
   Squamous             53                                   6                          59
   Adeno                23                                   0                          23
   Large cell           6                                    0                          6
   Other & unspecifie   13                                   1                          14
  Stage                                                                                 
   IIIA                 54                                   4                          58
   IIIB                 41                                   3                          44
  Inoperable due to                                                                     
   Extent               93                                   7                          100
   Functional           1                                    0                          1
   Refuse               1                                    0                          1

Treatment delivery {#j_raon-2018-0009_s_004_s_002}
------------------

Of all, only 49% of patients completed all three planned cycles of induction ChT and 45.1% of patients received 2 cycles of induction ChT. The dose intensity, measured as mean value of percentage of drug administered, was for cisplatin 87% and for gemcitabine 86.8%. After induction ChT, one patient had pulmectomy. Radical RT was completed in 85.3% of patients with doses of ≥ 60 Gy. Both therapy was completed in 52% of patients and 5.9% of patients received no concurrent ChT. The main reasons for omitting concurrent ChT were haematological toxicity and esophagitis.

Toxicity {#j_raon-2018-0009_s_004_s_003}
--------

Treatment-related acute toxicities of the induction ChT were generally well tolerated and are listed in [Table 2](#j_raon-2018-0009_tab_002){ref-type="table"}. The most common grade 3 or 4 adverse event was neutropenia with 23.5%. No patient with febrile neutropenia was observed. Other grade 3 or 4 adverse events were rare with appearance less than 5%. One patient had grade 4 acute peripheral ischemia leading to amputation. With regard to PD-L1 status there were less thrombocytopenia grade 1,2 in PD-L1 positive patients; however, there was more acute kidney injury among them.

###### 

Treatment-related toxicities of induction chemotherapy with regard to PD-L1 status

                        PD-L1 negative or unknown N = 95 (%)   PD-L1 expression N = 7 (%)   p
  --------------------- -------------------------------------- ---------------------------- -------
  Anaemia                                                                                   
   Grade 1, 2           87 (91.6)                              6 (85.7)                     0.780
   Grade 3, 4           1 (1.1)                                0                            
  Neutropenia                                                                               
   Grade 1, 2           24 (25.5)                              0                            0.168
   Grade 3, 4           23 (24.2)                              1 (14.3)                     
  Thrombocytopenia                                                                          
   Grade 1, 2           23 (24.5)                              1 (14.3)                     0.001
   Grade 3, 4           0                                      1 (14.3)                     
  Acute kidney injury                                                                       
   Grade 1, 2           30 (31.6)                              5 (71.4)                     0.045
   Grade 3, 4           0                                      0                            
  Nausea/vomiting                                                                           
   Grade 1, 2           34 (35.8)                              5 (71.4)                     0.167
   Grade 3, 4           4 (4.3)                                0                            

Treatment-related acute toxicities of CCRT were more pronounced and are listed in [Table 3](#j_raon-2018-0009_tab_003){ref-type="table"}. The most common grade 1 and 2 adverse events were anaemia in 95.1% and esophagitis in 66.3% of patients. Most expressed grade 3 and 4 adverse events were neutropenia in 28.4% and esophagitis in 13.9%. With regard to PD-L1 status there was no anaemia grade 3,4 in PD-L1 positive patients. Significantly, more nausea and vomiting grade 3,4 were noticed among patients with PD-L1 expression.

###### 

Treatment-related toxicities of concurrent chemoradiotherapy (CCRT) with regard to PD-L1 status

                                     PD-L1 negative or unknown N = 94 (%)   PD-L1 expression N = 7 (%)   p
  --------------------- ------------ -------------------------------------- ---------------------------- -------
  Anemia                Grade 1, 2   91 (95.8)                              6 (85.7)                     0.001
  Grade 3, 4            4 (4.3)      0                                                                   
  Neutropenia           Grade 1, 2   27 (28.7)                              2 (28.6)                     0.171
  Grade 3, 4            29 (30.5)    0                                                                   
  Thrombocytopenia      Grade 1, 2   48 (50.5)                              2 (28.6)                     0.357
  Grade 3, 4            5 (5.3)      0                                                                   
  Acute kidney injury   Grade 1, 2   35 (36.8)                              4 (57.1)                     0.250
  Grade 3, 4            0            0                                                                   
  Nausea/vomiting       Grade 1, 2   16 (17.0)                              0                            0.041
  Grade 3, 4            5 (5.3)      2 (28.6)                                                            
  Esophagitis           Grade 1, 2   63 (67.0)                              4 (57.1)                     0.500
  Grade 3, 4            12 (12.8)    2 (28.6)                                                            
  Pneumonitis           Grade 1, 2   5 (5.3)                                0                            0.294
  Grade 3, 4            3 (3.2)      1 (14.3)                                                            

Response and survival {#j_raon-2018-0009_s_004_s_004}
---------------------

The median OS of all patients was 24.8 months (95% CI 18.7--31.0) with 10 year-survival rate of 11.2% and 1,2,3,5 year-survival rate were 76.5%, 52.0%, 38.2%, 22.5%, respectively. At the time of last evaluation in October 2017, fourteen patients were still alive with the median follow-up of 117.5 months, but none with PD-L1 expression ([Table 4](#j_raon-2018-0009_tab_004){ref-type="table"}).

###### 

Median overall survival (OS) according to PD-L1 status

                       PD-L1 negative or unknown N = 95   PD-L1 expression N = 7
  -------------------- ---------------------------------- ------------------------
  Median OS (months)   25.2                               12.1
  1-year OS (%)        77.9                               57.1
  2-year OS (%)        54.7                               14.3
  3-year OS (%)        40.0                               14.3
  4-year OS (%)        28.4                               14.3
  5-year OS (%)        24.2                               0
  10-year OS (%)       12.1                               0

PD-L1 = programmed cell death ligand 1

The median OS of patients with PD-L1 expression was 12.1 months (95% CI 0.1--31.6; p = 0.005). OS data are shown in [Figure 1](#j_raon-2018-0009_fig_001){ref-type="fig"}.

![Median overall survival (OS) according to PD-L1 status.](raon-52-281-g001){#j_raon-2018-0009_fig_001}

The median PFS of all patients was 16.4 months (95% CI 13.0 to 19.9). PFS of patients with PD-L1 expression was 10.1 months (95% CI 0.1--20.4) and in patients with negative or unknown PD-L1 status was 17.9 months (95% CI 14.2--21.7; p = 0.003) ([Figure 2](#j_raon-2018-0009_fig_002){ref-type="fig"}).

![Median progression-free survival (PFS) according to PD-L1 status.](raon-52-281-g002){#j_raon-2018-0009_fig_002}

Discussion {#j_raon-2018-0009_s_005}
==========

This retrospective analysis in LA-NSCLC patients treated with induction ChT and CCRT resulted in median survival of 24.8 months and 10-year overall survival rate of 11.2%. Survival data are excellent and comparable even to reported data from studies with trimodality treatment that include surgery.[@j_raon-2018-0009_ref_015] Since in Slovenia at the time of the study duration only one radiotherapy centre was active and all candidates for radical treatment were included, the present results represent 10-year national survival data of treatment in locally advanced inoperable NSCLC.

Patients with Stage III NSCLC represent the most diverse group in terms of treatment. Multimodality treatment options include combination of systemic treatment with ChT, RT and surgery.[@j_raon-2018-0009_ref_016] For inoperable patients, combination of ChT and RT represent the best treatment options. Sequential approach has been proven inferior for survival to concurrent one in meta-analysis.[@j_raon-2018-0009_ref_002],[@j_raon-2018-0009_ref_017] CCRT survival benefit of 4.5% at 5 years derived from 6.5% improved local control while the number of distant metastasis was the same with CCRT and sequential ChT. Therefore, further improvement of overall survival could only be achieved through better control of distant metastasis. Adding ChT, either as induction treatment before RT or as consolidation treatment after RT, has not resulted in desired clinically important improvement of overall survival.[@j_raon-2018-0009_ref_018],[@j_raon-2018-0009_ref_019]

Results with novel agents such as thyrosin kinase inhibitors of epidermal growth factor receptor and vascular endothelial growth factor monoclonal antibodies were disappointing.[@j_raon-2018-0009_ref_005],[@j_raon-2018-0009_ref_020],[@j_raon-2018-0009_ref_021] New systemic therapies, including immunotherapy, are hoped to bring brake through results to improve treatment results.

Recently, in the study of consolidation therapy with new PD-L1 monoclonal antibody durvalumab, 11-month improvement of PFS compared to placebo was reported after definitive CCRT in LA-NSCLC.[@j_raon-2018-0009_ref_010] This improvement was associated with better local and systemic control. PFS benefit resulted from significantly higher local objective tumour response as well as from significantly better systemic control with improved time to distant metastases and lower frequency of new lesions, including brain metastases. The benefit was observed irrespective of PD-L1 expression before treatment.

The results of improved PFS in patient treated with combination of RT and immunotherapy are not surprising. Many preclinical studies reported synergistic effects and substantial increases in local and systemic tumour control when radiation was combined with checkpoint blockade immunotherapy. Results of a preclinical study by Zeng *et al*. that observed long-term survival of the mice with intracranial glioma treated with anti-PD-1 monoclonal antibodies plus RT, showed local response as well as systemic immunologic memory in the surviving mice, as they were able to reject a secondary challenge of glioma cells.[@j_raon-2018-0009_ref_022] Although neither PD-1 blockade nor local RT alone eradicated intracranial gliomas, the combination of both therapies generated durable responses. In a test of immunologic memory, naïve and long-term surviving mice were injected with glioma cells. All naïve mice died from the growth of the challenged glioma cells, whereas mice that received prior treatment with combined regimen rejected the glioma challenge. In this study, the combination therapy induced increased tumour infiltration by CD8+ CTLs and decreased the number of CD4+ Tregs. Similarly, many other investigators reported significantly improved local tumour control when radiotherapy was combined with anti PD-L1 in different animal models. Improved local control and long term survival was associated with increased CD8+T cells.[@j_raon-2018-0009_ref_023],[@j_raon-2018-0009_ref_024] Sharabi *et al*. also noted enhanced proliferation and activation of endogenous antigen-specific CD8+T cells and effector memory cells in the draining lymph node.[@j_raon-2018-0009_ref_025] These findings raise the question about the meaning of elective nodal irradiation since it might compromise the development of radiation-induced immune response. Park and colleagues noticed in models of melanoma and renal cell carcinoma that irradiation of one tumour type (renal cell carcinoma) induced protective immune responses that did not cross over to other tumour types (melanoma) in the same host.[@j_raon-2018-0009_ref_026]

Radiation alone as a form of local therapy induce tumour cell death by direct DNA damage but also induce immunogenic cancer cell death as a consequence of modulation of multiple molecular signals in the tumour microenvironment that leads to enhanced local and systemic immune response. Radiation has both immunostimulatory and immunosuppressive effects. [@j_raon-2018-0009_ref_027] The first step in immune response to tumour cells death from radiation is uptake and cross-presentation of tumour-derived antigens by dendritic cells (DCs). Besides enhancing the release of autologous neoantigens to the immune system, radiation also affect others mediators and mechanisms that contribute to immune cell death, such as production of type I interferon which is necessary for DC activation, calreticullin translocation, release of nuclear protein high-mobility group box-1 (HMGB1) and adenosine triphosphate (ATP). [@j_raon-2018-0009_ref_028] Other mediators of immune response enhanced by radiation are major histocompatibility complex (MHC) class I and Fas surface expression that induces programmed cell death.[@j_raon-2018-0009_ref_029] Radiation also increases the density of tumour-infiltrating lymphocytes. The mechanism is probable multifactorial, two main are proposed: changes in vascular endothelium that increase immune cell extravasation and enhanced expression of chemokine that affect immune cell migration and invasion. [@j_raon-2018-0009_ref_030],[@j_raon-2018-0009_ref_031] On the contrary, radiation can also suppress the immune system by increasing the infiltration of Treg and myeloid-derived suppressor cells (MDSCs) into the tumour microenvironment. [@j_raon-2018-0009_ref_032],[@j_raon-2018-0009_ref_033] Those are responsible for down regulation of immune response. There are some other factors and pre-existing barriers that are important for tumour rejection and can be modified by radiation such as limited availability of antigen-presenting cells (like DCs). An important barrier for tumour rejection is also the poor homing of effector T cells in tumours and dysfunctional tumour vasculature which can result in low infiltration by T cells. Furthermore, number of fractions and dose per fraction also influence the immunogenic response. There are some data to suggest that traditional 2 Gy per fraction has lower impact on immune response than hypofractionation. [@j_raon-2018-0009_ref_034]

One of the important radiation mediated response is also induced expression of PD-L1 in cancer cells and infiltrating myeloid cells. [@j_raon-2018-0009_ref_023],[@j_raon-2018-0009_ref_024],[@j_raon-2018-0009_ref_035] PD-L1 expression is being investigated extensively in preclinical and clinical trials but so far results are not consistent since some of them indicate poor prognosis in patients with pretreatment PD-L1 expression and others reported better prognosis than in PD-L1 negative patients. [@j_raon-2018-0009_ref_036],[@j_raon-2018-0009_ref_037],[@j_raon-2018-0009_ref_038],[@j_raon-2018-0009_ref_039] It is not clear if PD-L1 expression is prognostic or predictive factor of tumour response to treatment including the PD-1/PD-L1 pathway blockade. In most preclinical studies an increase in PD-L1 expression after radiation was reported. [@j_raon-2018-0009_ref_023],[@j_raon-2018-0009_ref_024] Changes in expression of PD-L1 also were observed after treatment with anti-PD-L1 agents. In a study of Herbst *et al*. the PD-L1 expression increased during immunotherapy, however the levels of pretreatment tumour PD-L1 expression did not correlate with radiographic response. [@j_raon-2018-0009_ref_040] In recent publication, Fujimoto *et al*. investigated impact of CCRT on PD-L1 expression from paired NSCLC specimens of patients that had been treated with CCRT followed by surgery. [@j_raon-2018-0009_ref_030] In this study a total of 35 patients had sufficient material before and after CCRT for matched analysis. Of these, 22 patients had PD-L1 expression on tumour cells in the pre-CCRT specimens, and 21 patients had PD-L1 expression on tumour cells in the post-CCRT specimens. Overall, the percentage of tumour cells with PD-L1 expression significantly decreased between the pre- and post-CCRT specimens (p = 0.024). Sixteen patients had decreased, 15 unchanged and 4 increased PD-L1 expression after CCRT compared with that before CCRT. Of the 15 patients with unchanged PD-L1 expression, PD-L1 expression was negative in pre- and remained in post-CCRT specimens in 11 patients. PD-L1 expression in pre- and post CCRT tumour material was not significantly associated with OS, however they found significant association between the change in PD-L1 expression and survival time. The median OS of patients with decreased, unchanged, or increased PD-L1 expression was 85.1, 92.8 and 14.6 months, respectively (p \< 0.001). They also found that the stromal CD8+ lymphocytes density increased after CCRT. They observed that patients with intermediate or high stromal CD8+ lymphocytes density in the pre- or post-CCRT material tended to have longer OS. In other studies, increased PD-L1 expression and increased number of tumour-infiltrating lymphocytes were associated with better response to PD-1/PD-L1 inhibitors. These data could be beneficial in the future for selection of appropriate patients and planning the optimal time for incorporation of immunotherapy in treatment of locally advanced NSCLC, but more data are needed for final conclusions.

All these data suggest that radiation will play an important role in the treatment of LA-NSCLC also in the future, but will be combined with new therapies such as immunotherapy. RT can act as a stimulus of the immune system with the enhanced release of tumour antigens, followed by activation and migration of dendritic cells and cross-presentation of tumour antigens that resulted in tumour specific T-cell activation and proliferation. On the other hand, PD-1/PD-L1 antibodies by blocking inhibitory signalling pathways on infiltrating T cells act as the immune system modulator on the side of subsequent immune response that can synergistically contribute to more definitive and durable both systemic and local anti-tumour action than either approach alone.

Conclusions {#j_raon-2018-0009_s_006}
===========

Long-term treatment results with CCRT for patients with LA-NSCLC in our analysis showed 10-year survival rate of 11.2%, which are comparable to published data though far from satisfactory. New treatment strategies are investigated to improve these results including treatment with check-point inhibitors. Evaluation of OS with regard to pretreatment PD-L1 status in our analysis showed that patients with PD-L1 expression had significant lower OS. This data suggest that immune system play an important role in the regulation of antitumour response to treatment.

Radiation dose, fractionation schedules and the optimal timing of immunotherapy for optimal synergy between RT and immunotherapy are the field for the future investigation.
